To prospectively determine the prevalence and predictive value of three-dimensional (3D) and dynamic breast magnetic resonance (MR) imaging and contrast material kinetic features alone and as part of predictive diagnostic models.
The study protocol was approved by the institutional review board or ethics committees of all participating institutions, and informed consent was obtained from all participants. Although study data collection was performed before HIPAA went into effect, standards that would be compliant with HIPAA were adhered to. Data from the International Breast MR Consortium trial 6883 were used in the analysis. Women underwent 3D (minimum spatial resolution, 0.7 ϫ 1.4 ϫ 3 mm; minimal temporal resolution, 4 minutes) and dynamic two-dimensional (temporal resolution, 15 seconds) MR imaging examinations. Readers rated enhancement shape, enhancement distribution, border architecture, enhancement intensity, presence of rim enhancement or internal septations, and the shape of the contrast material kinetic curve. Regression was performed for each feature individually and after adjustment for associated mammographic findings. Multivariate models were also constructed from multiple architectural and dynamic features. Areas under the receiver operating characteristic curve (A z values) were estimated for all models.
Results:
There were 995 lesions in 854 women (mean age, 53 years Ϯ 12 [standard deviation]; range, 18 -80 years) for whom pathology data were available. The absence of enhancement was associated with an 88% negative predictive value for cancer. Qualitative characterization of the dynamic enhancement pattern was associated with an A z value of 0.66 across all lesion architectures. Focal mass margins (A z ϭ 0.76) and signal intensity (A z ϭ 0.70) were highly predictive imaging features. Multivariate models were constructed with an A z value of 0.880.
Conclusion:
Architectural and dynamic features are important in breast MR imaging interpretation. Multivariate models involving feature assessment have a diagnostic accuracy superior to that of qualitative characterization of the dynamic enhancement pattern.
B
reast magnetic resonance (MR) imaging is emerging as an important tool for the detection and characterization of breast cancer. The value of breast MR imaging is derived primarily from the high sensitivity of contrast material enhancement in the detection of breast cancer (1) (2) (3) . The characterization of lesions as benign or malignant on the basis of MR imaging characteristics remains a challenge. The specificity of breast MR imaging has been reported to be between 20% and 100% in a diagnostic population (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . The specificity in screening populations is likely to be lower. There remains debate in the literature regarding interpretation strategy and the relative importance of architectural features and kinetic imaging curves in the discrimination of benign from malignant contrast enhancement. Previous studies aimed at identifying the predictive value of imaging features have focused primarily on the architectural or contrast material kinetic imaging features (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Fewer investigators have attempted to integrate kinetic and temporal features (14) (15) (16) .
In addition, there is little generalizable multicenter data to guide the integration of imaging features into a comprehensive interpretation strategy. The International Breast MR Consortium has conducted a large single-arm multicenter cohort trial to investigate breast MR imaging in women with a suspicious clinical finding or finding at conventional imaging work-up (17) . The purpose of our study was to prospectively determine the prevalence and predictive value of three-dimensional (3D) and dynamic breast MR imaging and contrast material kinetic features alone and as part of predictive diagnostic models.
Materials and Methods
The data used in this analysis were collected in accordance with International Breast MR Consortium protocol 6883 by a group of 18 institutions in the United States, Canada, and Germany. The study protocol was approved by the institutional review board or ethics committee of all participating institutions and was funded by the U.S. National Cancer Institute. Informed consent was obtained from all participants. All institutions operated with a valid assurance from the Office for Human Research Protections of the U.S. Department of Health and Human Services. Although our study data collection was performed before the Health Insurance Portability and Accountability Act, or HIPAA, went into effect, we nevertheless adhered to standards that would be compliant with HIPAA. The gadoliniumbased contrast agents used in the study were provided by GE Healthcare (Waukesha, Wis), Berlex Laboratories (Wayne, NJ), and Bracco Diagnostics (Milan, Italy). The authors had full control of the data and information submitted for publication.
Entrance Criteria
Patients with a suspicious or highly suspicious imaging finding (Breast Imaging Reporting and Data System grade of 4 or 5) at conventional imaging or suspicious clinical findings that were believed to require biopsy at the time of presentation were eligible for participation. Conventional imaging included mammography, and, when clinically appropriate, ultrasonography (US) and galactography. All participants older than 40 years were required to have undergone mammography within 6 weeks before or after their MR imaging examination if mammography had not previously been performed. For the purposes of the study, mammograms were interpreted by one of the study mammographers. This was required to be a different radiologist from the one who interpreted the MR images. Patients younger than 40 years with clinical findings could undergo US alone-a practice that was consistent with standard clinical care. Patients who had recently undergone fine-needle aspiration biopsy were eligible; however, the study mammogram and MR image readers remained blinded to the fine-needle aspiration biopsy results. Patients who had undergone core or excisional biopsy in the affected breast within 6 months before study entry were excluded. Additional exclusion criteria included a history of breast cancer in the affected breast, pregnancy, and any contraindication to MR imaging.
MR Imaging
Participants initially underwent a highspatial-resolution 3D contrast materialenhanced MR imaging examination. The protocol for the 3D examination consisted of a T2-weighted rapid (fast or turbo) spin-echo sequence with 4-mm or thinner sections and a repetition time msec/echo time msec of approximately 4000/90. This was followed by a 3D T1-weighted gradient-echo sequence performed before and after the intravenous administration of 0.1 mmol (0.2 mL) of gadolinium chelate per kilogram of body weight. The gadolinium chelates used at this examination were the same ones used at the two-dimensional examination. The tubing used to deliver the contrast material was primed before the injection was initiated. The injection was administered over 10 seconds through a 20-or 22-gauge peripheral intravenous catheter and was followed by a flush of 20 mL of saline. Imaging was initiated after gadolinium chelate injection but before the saline flush. The imaging protocol con-sisted of a 3D gradient-echo sequence with a repetition time of 20 msec or less, an echo time of 4.5 msec or less, and a flip angle of 30°-45°. Imaging was performed with a 16 -18-cm field of view over a minimum matrix of 256 ϫ 128 and with 32-128 sections of 3 mm or less. The number of sections acquired and the section thickness depended on the size of the breast. The total imaging time for this acquisition was required to be less than 4 minutes. Fat suppression or image subtraction was used in all cases.
Patients with enhancing abnormalities were asked to return for dynamic MR imaging 18 hours or more after the first MR imaging examination. This time-resolved study consisted of the acquisition of a progressive saturation data set so that T1 relaxation time could be estimated (repetition times: 100, 200, 400, and 1200 msec) followed by the acquisition of sequential two-dimensional images at a 15-second temporal resolution over a total of 5 minutes after the intravenous administration of gadolinium chelate. So that time-resolved data from different sites could be directly compared, all sites used the same timing parameters for the dynamic time course and T1 measurements. Both acquisitions were developed from a two-dimensional spoiled gradientecho sequence that involved an echo time of 4 -5 msec (maintaining fat and water in phase at 1.5 T) and a 90°flip angle. The progressive saturation acquisition included repetition times of 0.1, 0.2, 0.4, and 1.2 seconds. All of the dynamic images were acquired with a repetition time of 0.1 second. The acquisition matrix for the dynamic series was 256 ϫ 128, and the section thickness was 4 mm for all images. The acquisition of the first dynamic images began concurrently with the initiation of the injection of 0.1 mmol of gadolinium chelate per kilogram. Sites used Omniscan (GE Healthcare), Prohance (Bracco), or Magnevist (Berlex) administered over 10 seconds. The contrast material injection was followed by a 20-mL saline flush. S.H.H., C.K.K., E.D.P., P.C., D.T., and P.T.W.) from participating institutions were trained in the imaging and qualitative kinetic features before the investigation was initiated. All readers had more than 2 years of experience in interpreting breast MR images. A self-evaluation test and an atlas of sample cases with ratings were distributed. MR images were interpreted at host institutions in a normal clinical context (with access to mammograms if mammograms were available at the time of interpretation). MR image interpretation included an assessment of lesion architectural features. The feature list was designed to adhere as closely as possible to the standard being developed at that time by the American College of Radiology working group on breast MR imaging standards (18) . This included a rating of the lesion architecture and contrast material kinetics if available. The architectural rating included an initial description of the enhancement type (focal, ductal, area, patchy), followed by specific descriptors within each enhancement type. A list of key architectural features is included in Table 1 . Features were rated as either present or absent by using a four-point confidence scale (definitely present, possibly present, possibly absent, definitely absent).
MR Image Interpretation
In patients who underwent high-temporal-resolution dynamic imaging, a region of interest was chosen from the dynamic images for assessment of the lesion enhancement kinetics. Readers were instructed to choose the area of the lesion that demonstrated the greatest degree of early enhancement so that time-signal intensity curves could be generated. Region of interest sizes typically ranged from 2 to 10 mm. In addition, signal intensities were measured by using progressive saturation data in the same region of interest on the images obtained with different repetition times. Gadolinium concentration curves were calculated from the timesignal intensity curves and the estimated T1 with the assumption of fast exchange and a relaxivity of 4.
The kinetic data were analyzed qualitatively as washout, persistent enhancement, or plateau-shaped curves. Various quantitative metrics were extracted from the enhancement curve, including initial enhancement rate, maximal enhancement rate and amplitude, and enhancement rate at various time points. In addition, gadolinium concentration was calculated from the enhancement curves and T1 data.
Pathologic Evaluation
Each site was responsible for comparing lesions identified in pathology specimens with the MR and other imaging findings. Participating sites sent representative slides and their report for each lesion to a pathology core facility for review when these slides and reports were available. The slides were reviewed by a pathologist (S.J.S.) with 20 years of experience in breast disease. Otherwise, the pathologic diagnosis was extracted from local clinical pathology reports. In cases that resulted in disagreement with local pathologists, the individual site pathologists were notified by letter.
All pathology interpretations were categorized as indicating benign atypical findings, atypical findings, in situ carcinoma, or invasive carcinoma. Within each of these major categories, specific diagnoses were also collected. 
Statistical Analysis
Initially, frequency tables of the MR imaging features were generated. The eligible and analysis populations were investigated to check the generalizability of the inferences of the analysis and potential effects of missing data. Univariate logistic regression models were fit for each feature in an attempt to characterize the predictive ability of each feature for identifying a cancerous lesion. Invasive cancer and ductal carcinoma in situ (DCIS) were considered to be positive diagnoses, while all other diagnoses were considered to be negative. In addition, the predictive ability of each model was evaluated by using the area under the receiver operating characteristic curve (A z ) for the model's linear predictor (also referred to as the summary C-index measure in SAS software [SAS, Cary, NC]). This procedure was then repeated in models that adjusted for various patient characteristics: presence of a palpable mass, presence of calcifications on mammogram, presence of mass on mammogram, and mammographic density of breast parenchyma. The goal of this analysis was to determine if a particular patient characteristic changed the overall predictive ability of a feature. To account for clustering due to institutions (readers), generalized estimating equation techniques (20, 21) were used. To assess how a combination of features or even what combination of features would be most predictive, several candidate multivariate models were developed and compared by using cross-validation techniques to enable some generalization beyond the study population.
Specifically, candidate models were developed in the following manner: Prominent combinations or clusterings of features were investigated with the classification and regression trees, or CART, algorithm (22) . Optimal tree size was determined with cross validation, and several base models were chosen on the basis of scientific and statistical criteria. Base models suggested by the CART algorithm were then put into standard backward and forward stepwise selection procedures that included all feature variables (including kinetics variables), patient characteristics (eg, age, presence of palpable mass, density of breast parenchyma, presence of calcifications, presence of mass), and all possible three-way interactions present in the model, if indicated by the data. In this sense, the CART analysis provided our base models, and scientific subject matter and statistical model selection procedures were used to refine them.
After a set of candidate models were created, the Akaike information criterion and Bayesian information criterion (estimates of the goodness of fit of each model) and the A z value were calculated for each model. These summary statistics were compared to arrive at the "best" models. Missing covariate values (primarily patient characteristics) were imputed by using the multiple imputations technique (23) . As indicated, several imputed data sets were generated, and parameter values and a summary index were averaged across these data sets. To validate the A z value for each model and correct its bias, we used the bootstrap method (24) .
The best models were fit by using generalized estimating equation techniques to obtain standard errors that accounted for site clustering. Final estimates were obtained by averaging the parameter estimates from the multiple imputed data sets and adjusting the covariance matrix properly (25, 26) . The predictive ability of these models is described by the A z values corrected for bias that were calculated in the previous step.
Results

Patient Population
A total of 1004 women were enrolled in the protocol, and 976 of them completed the MR imaging examinations. Pathology data were available for 854 women, who formed the case set used in the current analysis (analysis set). The mean age of the patients was 53 years Ϯ 12 (standard deviation) (range, 18 -80 years). The analysis set was compared with the total eligible population in terms of baseline and demographic variables. There was no indication of bias owing to missing pathologic diagnoses. Missing covariate information in the analysis set was minimal and imputed as described previously.
Pathologic Results
There were a total of 995 lesions in the 854 patients for which a pathologic diagnosis was known. Three hundred eighty-one patients with 410 lesions underwent a dynamic study. A breakdown of the 995 lesions according to presentation and final pathologic diagnosis is given in Table 2 . In 913 (91.8%) of the lesions, the pathologic diagnosis was established by the core pathologist. The rate of disagreement between the core and the local site pathologist in terms of identifying cancer (DCIS or invasive carcinoma) was less than 0.5% for those cases reviewed by the core pathologist, supporting the use of individual site pathology reports in this analysis. Twentythree of the 995 lesions were excluded from the architectural feature analysis owing to incomplete feature data.
Univariate Models
The frequency and probability of cancer for the major architectural types are included in Table 4 . Images and timesignal intensity curves illustrating some of the key features used in this analysis are given in the Figure. The most predictive features for malignancy were margin (for focal masses), signal intensity, homogeneity, and qualitative enhancement kinetics. An analysis that adjusted for various patient characteristics, including the presence of calcifications, presence of associated palpable finding, presence of mass at mammography, and radiographic breast density revealed only a marginal effect on the diagnostic accuracy (ie, A z value) of each image feature.
The subset of participants with area and ductal enhancement was too small to permit a meaningful analysis adjusted for the patient characteristics listed here. However, univariate analyses of the subset of area enhancement could be performed for the following variables: area enhancement distribution, area enhancement form, and the amount of enhancement (Table 4) . Area enhancement distribution was the most predictive variable for malignancy, with an A z value of 0.78.
The best-performing kinetic features are listed in Table 4 . Qualitative assessment of the enhancement curve had the highest A z value (ie, 0.66). This increased to 0.69 in women with a mammogram density at presentation and decreased minimally to 0.65 in Only main effect of stratification variable could be included because the interaction could not be supported.
# Quasi-complete separation-model verified by other means.
** Based on all enhancing lesions.
women with mammogram calcification at presentation. Among the quantitative kinetic features, the feature that best predicted diagnosis was the maximum enhancement rate, which had an A z value of 0.64. Of note, 55 (76%) of 72 kinetic curves that were described as washout were associated with a cancer diagnosis. In addition, 65 (45%) of 144 curves that were described as persistent were also associated with a cancer diagnosis. This accounted for 26% of the 248 cancers evaluated with the kinetic study. Thus, excluding cancer on the basis of a persistent enhancement curve alone would lead to false-negative results.
The A z values of the univariate models provide an overall assessment of the potential influence of assessment of a specific feature on the overall classification of lesions as benign or malignant. In this sense, the A z value is a summary measure of each feature's diagnostic accuracy. Features with marginal A z values may still yield high positive and negative predictive values. Thus, although only a small subset of lesions will have these features, when present, these features are highly associated with a specific diagnosis. Specific low-prevalence feature ratings that appeared to be particularly predictive included associated regional enhancement among focal lesions (with a prevalence of 14 Enhancing lesions from five patients assessed according to the protocol guidelines described in the Materials and Methods section. 
Multivariate Models
Data from the best-performing multivariate models derived from forward and backward stepwise selection procedures (denoted as models 1 and 2, respectively) are detailed in .1-669.4 ). These were the two "best" candidate models, and they were indeed very similar. The Appendix details how these models were used to arrive at a predicted probability of cancer for an individual given her clinical profile and provides an example. CIs for this probability are not available in closed form; hence, they are not included here.
A multivariate model could not be developed for lesions with area or ductal enhancement because the data were too sparse.
Discussion
The results of this study clarify the important features contributing to the classification of lesions at breast MR imaging. As expected, a lack of enhancement was strongly predictive of benignity. There were 208 lesions that were reported as showing no enhancement, of which 25 were cancer. The 25 nonenhancing cancers included 12 cases of DCIS and 13 cases of invasive cancer. Thus, 16% of 77 DCIS lesions and 3% of 422 invasive cancers were coded as showing no enhancement. The bias of nonenhancing malignancies toward DCIS relative to the total percentage of malignancies represented in the population is expected. Previous investigators estimated the sensitivity of MR imaging in the detection of DCIS to be approximately 70% (27, 28) ; thus, our finding of cases of DCIS that were associated with no reported enhancement is expected. However, the negative predictive value of nonenhancement for invasive cancer of 94% (95% CI: 89.6%, 96.6%) observed in this study is lower than what has been typically reported for singleinstitution studies (1, 3, 10) . Although the image analysis paradigm used was very different from that used in the present study, in another multicenter study, Heywang-Kobrunner et al (29) found that 4% of invasive cancers (all smaller than 5 mm) could not be identified retrospectively at MR imaging. Thus, the absence of observed enhancement at MR imaging does not appear to exclude invasive cancer. It should be noted that many of the invasive cancers that were reported to not enhance in the current study were small or had small invasive components. A complete description of this cohort is beyond the scope of this article and will be reported separately.
Once detected, lesions need to be classified by type of enhancement. This classification is subjective and affects the performance of individual features within each major category. A study performed by the MR imaging lexicon committee (30) revealed that readers can differentiate masses from nonmass enhancement and were particu- larly good at identifying mass enhancement. However, classification of types of non-mass enhancement (eg, ductal, regional) was not reliable.
In the present study, focal mass was the most prevalent architectural classification, accounting for 624 (62.7%) of 995 cases. The margin feature of the focal mass category was the single most predictive feature, with an A z value for the univariate model of 0.76. This is consistent with results described in prior reports of the importance of margin analysis in breast MR image interpretation (10, 15) . The MR imaging lexicon committee reported a moderate agreement among readers ( ϭ 0.55) for this feature (30) , indicating that margins can be rated relatively reliably. The results of the reader study published by the international working group on breast MR imaging indicated that although lesion shape was relatively predictive, readers had trouble differentiating shape from margin; hence, lesion shape was ultimately dropped from the breast MR imaging lexicon (30) . In the present study, qualitative enhancement intensity was also highly predictive, with an A z value in the univariate model of 0.70. The qualitative intensity was determined on the high-spatial-resolution 3D images, which were required to be acquired within 4 minutes of the contrast material injection. Because rectilinear k-space sampling in the y direction was used by most study sites, signal intensity on the high-spatial-resolution images most accurately reflects the signal intensity at 2 minutes or less.
The performance of the focal mass multivariate model in the present study was similar to the reported performance of the overall assessment of the radiologist (17) . The readers involved in the present study were experienced in breast MR imaging and underwent additional training at the protocol initiation meetings. The fact that the performance of the multivariate models approaches reader performance would suggest that much of the key information used by readers to make their assessment is captured in these models. The focal mass multivariate models provide important insight into those features that should be considered in the diagnostic classification of enhancing focal masses. As suggested by results with the univariate models, margin and qualitative enhancement intensity (at 2 minutes or less after contrast agent injection) are the most important features in classifying focal masses. The next most important feature is the qualitative assessment of the kinetic curve. The relative risk of cancer for a lesion that has a washout curve as compared with the risk for a lesion that has a persistent curve is approximately five to one-a substantial difference.
Several low-prevalence features, in- cluding rim enhancement or associated area enhancement, were highly correlated with a cancer diagnosis when present but were only observed in a small fraction of the cases, resulting in a modest A z value. However, these features had an effect in the multivariate models. When definitely present, these features were associated with a greater risk of malignancy by a factor of between two and three. Although the value of rim enhancement is well known, to our knowledge, the importance of associated area enhancement has not been previously reported. In addition, it should be pointed out that the absence of these findings is not as valuable (ie, their absence is not a strong predictor of benignity). Presumably, this is related to the many factors-technical and physiologic-that contribute to making these features visible. In contradiction to results in prior single-institution studies (10), nonenhancing internal septation was not highly correlated with a benign outcome in our study. This may be related to the difficulty of generalizing individual features in a multicenter study. In model 2, the odds ratios in favor of cancer for high signal intensity on T2-weighted images were significant. However, model 1 had nearly identical performance but did not include this feature, which suggests that this feature may not be critical to consider and may be highly correlated with other features in the model. The focal mass multivariate models are expected to serve as an important teaching and decision-support tool. Penn et al (31) have shown that a computeraided diagnosis system involving the use of some similar variables was able to improve the performance of two of five readers. Further study is needed to assess and document the ability of these models to improve the performance of radiologists of various experience levels.
In the present study, the classification of enhancement as ductal was only modestly predictive of cancer (58.5% [24 of 41 cases; 95% CI: 42.5, 72.9]). Liberman et al (32) reported a positive predictive value of 26% for the ductal enhancement feature; however, this was in a heterogeneous patient population that had a lower prevalence of disease than did the diagnostic population targeted in the International Breast MR Consortium study. The tendency for ductal enhancement to represent cancer is consistent with the results of Nunes et al (10) ; however, the percentage of lesions with ductal enhancement that were cancerous in the current study was less than the 84% published by Nunes et al. The decrease in the predictive value of ductal enhancement in this multicenter study relative to that in the single-institution study of Nunes et al is probably the result of the ability of the large number of readers in the current study to reliably rate lesions as showing ductal enhancement. This inference is based on the MR imaging lexicon committee's report of a value of 0.35 (poor agreement) for the classification of enhancement distribution as linear branching (30) . Refining feature descriptions and education will be a key to further improving reader performance.
For the lesions with area enhancement, the distribution was most predictive of diagnosis, with an A z value in the univariate model of 0.78. The overall effect of the intensity and form of enhancement was more modest; however, a closer look at the data reveals specific feature ratings that were predictive. Stippled enhancement was associated with a low incidence of malignancy (25% [95% CI: 7.3%, 52.4%]), while other form ratings (heterogeneous, clumped, and homogeneous) were associated with a likelihood of cancer of 53% (95% CI: 34.3%, 71.7%), 60% (95% CI: 36.1%, 80.9%), and 67% (95% CI: 9.4%, 99.2%), respectively. In addition, a segmental distribution was associated with a 78% likelihood of cancer (95% CI: 56.3%, 92.5%); and a regional distribution, with a 21% likelihood of cancer (95% CI: 8.0%, 39.7%). These data support the practice of assuming that low-level stippled enhancement in a regional distribution indicates benignity, while segmental or clumped enhancement is cause for concern. The data also suggest that an interpreter should consider the intensity of area enhancement in his or her assessment.
Limitations of this study included patient population bias. The patient population was intended to represent as much as possible a true diagnostic population in which the results of conventional imaging did not conclusively indicate benign disease. In our cohort, 50% of lesions were malignant, a higher percentage than the reported biopsy yield expected in the target cohort (33) . This would indicate an enrichment of this cohort with cancer lesions. Findings at clinical presentation in this population, including the fact that 45.8% of the lesions were palpable and 76.8% had mammographic findings (some women had both palpable lesions and lesions with mammographic findings) and the fact that 32.2% of the mammographic findings were findings of calcification, were similar to those expected in the target population. Another potential weakness was that this analysis included cases for which central pathology review was not available and the pathologic diagnosis was established in the local site pathology report. The high level of agreement between the core pathologist and the local site pathologist for the cases reviewed at the core facility supports the inclusion in this analysis of cases in which only pathology reports were available. This inclusion is further supported by the work of Collins et al (34) , who showed 96% agreement between core and site pathologists in a multicenter trial of image-guided breast biopsy. This agreement was independent of biopsy type.
In addition, the analysis of the kinetic curves was limited to qualitative analysis and simple descriptive statistics. This analysis was aimed at evaluating predominant clinical practices. Advanced modeling will be considered for future work.
In conclusion, architectural and kinetic features are valuable in interpreting breast MR images. The most important feature was the presence of enhancement of any type; however, the absence of enhancement did not exclude invasive cancer. Other critical features included qualitative enhancement intensity and qualitative characterization of the dynamic curve. In addition, margin, rim enhancement, and associated area enhancement are important features of focal masses that should be considered in lesion characterization. Multivariate models developed from feature ratings have performances that approach that of the overall assessment of highly experienced readers. The multivariate models can serve an important role as a training and decision support system for assisting less experienced radiologists practicing breast MR imaging.
Appendix
The parameter estimates for the multivariate models are as follows. With the forward stepwise selection procedure, the probability of disease () was modeled as follows:
where A is the age of the patient in years and X␤ denotes the summation of the coefficients for the categorical covariates listed in Table A1 .
For example, in a 50-year-old patient with a palpable lesion that had a spiculated focal enhancement margin, a washout enhancement curve, marked enhancement intensity, a definite enhancement rim, and associated area enhancement, the probability of disease would be calculated as follows: where X␤ denotes the summation of the coefficients for the categorical covariates listed in Table A2 .
